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We studied the epidemiology of varicella (chickenpox) and herpes zoster (shingles) in The Netherlands to assess the desirability to implement
outine varicella zoster virus vaccination in The Netherlands. Data on seroprevalence of varicella zoster virus in the general population
1995–1996), consultations of general practitioners for varicella (2000–2002) and herpes zoster (1998–2001) and hospital admissions due to
aricella (1994–2001) and herpes zoster (1994–2001) in The Netherlands were analysed. The seropositivity increased sharply with age from
8.4% for both 0- and 1-year-olds, to 48.9%, 59.0%, 75.7% and 93.0% for 2-, 3-, 4- and 5-year-olds, respectively, and varied between 97.5%
nd 100% for older age groups. The average annual incidence of GP-consultations amounted to 253.5 and 325.0 per 100,000 for varicella and
erpes zoster, respectively. The incidence of hospital admission due to varicella and herpes zoster was 1.3 (2.3 including side diagnosis) and
.7 (5.8) per 100,000, respectively. Whilst for varicella, the incidence of GP-consultations and hospital admissions were highest in childhood,
or herpes zoster, these were highest in elderly. Insight into epidemiology of varicella zoster is needed for the assessment of the desirability
f introduction of routine varicella zoster vaccination.

2006 Elsevier Ltd. All rights reserved.
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. Introduction

The varicella zoster virus (VZV) causes two distinct dis-
ases, varicella (chickenpox) and herpes zoster (shingles).
hickenpox is generally regarded a benign disease. However,
omplications like bacterial superinfections of the skin and
cute neurological disorders can occur. Furthermore, latent
nfection of varicella zoster virus established during chick-
npox can be reactivated (e.g. by aging, immunosuppresion)
nd results in shingles.

∗ Corresponding author. Tel.: +31 30 2743958; fax: +31 30 2744409.
E-mail address: h.de.melker@rivm.nl (H. de Melker).

Some European countries are now considering introduc-
tion of routine VZV vaccination in their national immu-
nization programmes. Recently, Germany and Sicily have
included VZV vaccination in their routine vaccination sched-
ule [1].

The European Working Group on Varicella (EuroVar) rec-
ommended routine VZV vaccination for all healthy children
between 12 and 18 months and to all susceptible children
before their 13th birthday, in addition to catch-up vaccina-
tion in older children and adults who have no reliable history
of varicella and who are at high risk of transmission and expo-
sure. This policy was recommended only when a very high
coverage rate could be achieved [2]. The group stated that this
could be reached with a measles–mumps–rubella–varicella
(MMR–V) combined vaccine. In The Netherlands, the vac-
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cine coverage for MMR amounts to 95% at 2 years of age
[3].

Insight into the epidemiology of varicella and herpes
zoster in The Netherlands is essential to assess the desirability
of introduction of universal VZV vaccination. Subsequently,
it will also be relevant to formulate an appropriate strat-
egy for delivery of the vaccine. The present paper aims to
describe the epidemiology of varicella and herpes zoster in
The Netherlands. Data on seroprevalence of VZV in the gen-
eral population, consultations of general practitioners (GPs)
and hospital admissions for varicella and herpes zoster are
presented.

2. Methods

2.1. Data sources

2.1.1. Population-based seroprevalence study
In The Netherlands, between October 1995 and Decem-

ber 1996, a population-based serum bank was established of
8359 individuals. The primary aim of the study was to obtain
insight into the immunity of the population against diseases
included in the National Immunization Programme. Details
of the study design have been published elsewhere [4]. A
total of 40 municipalities were selected with sampling prob-
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for age group: gender, educational level, country of birth,
number of persons in the household, nursery attendance by
participant or other person in the household, primary school
attendance by participant or other person in the household
and urbanization of the municipality.

The educational levels of those aged 17 years or more
and of one of the parents (parent with the highest level)
for those aged less than 17 years, were classified as “low”
(primary school, lower vocational or lower general sec-
ondary education), “intermediate” (intermediate vocational
or intermediate general secondary and higher general sec-
ondary education) and “high” (higher vocational secondary
education and university education). The following cate-
gories for degree of urbanization were used: “very high”
(>2500 addresses/km2), “high” (1500–2500), “moderate”
(1000–1500), “low” (500–1000), and “none” (<500). Coun-
try of birth was categorized as “The Netherlands” versus
“other”, number of persons in the household as “at least four
persons” versus “between one and three person per house-
hold”, nursery attendance was classified “both participant
and other person in household attend a nursery”, “only par-
ticipant attends a nursery”, “only other person in household
attends a nursery” and “none of the persons in the house-
hold attends nursery”. Same classes were used for school
attendance.
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bilities proportional to population size. Within each of these
0 municipalities, an age-stratified sample of 380 individuals
as drawn from the population register. The age strata were
, 1–4, 5–9, . . ., 75–79 years. In each of the first two strata,
0 individuals were sampled, while in each of the following
trata, 20 individuals were sampled. Subjects were requested
o give a blood sample, fill out a questionnaire and bring
accination certificates.

For serology of varicella zoster virus, a sample was drawn
rom this serum bank. For those below 14 years of age, two
era per municipality were sampled per age in years, while
or those aged 15 years and above, two sera were randomly
ampled per 5-year-age group.

For 204 individuals below 5 years of age, enough serum
as left to test varicella virus. In total, the sample which could
e used for serological testing of varicella included 2044
era. Serological testing was performed with the VZV IgG
LISA kit (Human GmbH, Wiesbaden, Germany) according

o the manufacturer’s instructions. Serum samples were mea-
ured as independent duplicates diluted 1:100 and titers were
alculated with the internal positive controls which were cali-
rated against the WHO International Reference Preparation
or anti-VZV IgG.

Frequencies within each municipality were weighted by
he proportion of the age group in the population. To produce
ational estimates, the weighted frequencies were averaged
ver the 40 municipalities [5].

Logistic regression analysis was conducted to determine
hether any of the following variables were independent pre-
ictors of seropositivity for varicella virus after adjustment
.1.2. Consultations of general practitioners
The Netherlands Institute of Primary Health Care

NIVEL) has coordinated the activities of a sentinel surveil-
ance network of 43 general practices since 1970. These prac-
ices cover 1% of the Dutch population, a sample representa-
ive of the national population in terms of age, sex, and degree
f urbanisation. The general practitioners in the NIVEL sen-
inel network weekly registered patients who consulted them
or chickenpox in the period 2000–2002 and patients who
onsulted them for zoster in the period 1998–2001 [6]. The
ge groups were 0, 1–4, 5–9 and further 5-year-classes till
5 years and above. Only for herpes zoster consultations,
nformation on gender was available.

.1.3. Hospital admission
The number of hospitalizations with varicella (ICD-9

52; ICD-10 B01) and herpes zoster (ICD-9 053; ICD-10
02) as main and/or side diagnosis in the period 1994–2001
ere obtained form the registry of Prismant (National Health
are Registry). The age groups were 0, 1–4, 5–9 and fur-

her 5-year-classes till 85 years and above. In addition to
ge, information on gender was available. For main diag-
osis, information on the number of hospital days was
vailable.

.1.4. Death registration
Deaths due to varicella (ICD-10 B01) or herpes zoster

ICD-10 B02) according to the (prime cause of death) reg-
stration of Netherlands Statistics in the period 1996–2002
ere used.
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Fig. 1. Age-specific seroprevalence (and 95% confidence intervals) of varicella zoster virus in the general population (0–79 years) in The Netherlands
(1995–1996) (for those less than 2 years of age, age is given in months).

3. Results

3.1. Seroprevalence of varicella zoster virus

3.1.1. Age- and gender-specific seroprevalence
The seroprevalence of varicella zoster virus antibodies

amounted to 95.6% (95% CI 94.9–96.3%) in persons 0–79
years of age (Fig. 1). The seroprevalence was slightly lower
for men 93.6% (95% CI 92.2–95.0%) compared to women
95.6% (95% CI 94.7–96.5%). The seropositivity increased
sharply with age from 18.4% for both 0- and 1-year-olds, to
48.9%, 59.0%, 75.7% and 93.0% for 2-, 3-, 4- and 5-year-
olds, respectively. The seroprevalence amounted to 25%,
17%, 13% and 26% for infants aged 3–5 months (no infants
<3 months in the sample), 6–11 months, 12–17 months

and 18–23 months, respectively. The seroprevalence varied
between 97.5% and 100% for 5–9- to 75–79-year-olds.

3.1.2. Independent predictors for seropositivity of
varicella zoster virus

In addition to age group, urbanization of less than 2500
addresses/km2 versus at least 2500 addresses/km2 (odds ratio
2.1; 95% CI 1.1–3.7), at least four persons in the household
versus less than four persons in the household (odds ratio
1.8; 95% CI 1.1–3.1) and school attendance of both partici-
pant and other person(s) in the household versus ‘no school
attendance or school attendance of either participant or other
person(s) in the household’ (odds ratio 2.8; 95% CI 1.1–7.0)
were independent predictors for seropositivity of varicella
zoster virus. Gender, educational level, nursery attendance

Table 1
Age-specific average annual incidence of GP-consultations (2000–2002, per 100,000) and hospital admissions (1994–2001, per 100,000) due to varicella and
the hospitalization rate

Year GP-consultations
2000–2002

Hospital admissions
1994–2001 (main
diagnosis)

Hospitalization rate (%)
(main diagnosis, based
on GP-consultations)

Number of hospital
days (average per
admission) (main
diagnosis)

Hospital admissions
1994–2001 (main and
side diagnosis)

Hospitalization rate
(%) (main and side
diagnosis, based on
GP-consultations)

0 3101.8 25.2 0.8a 286 (5.8) 39.2 1.3
1–4 3014.5 12.0 0.4 523 (5.6) 22.4 0.7
5–9 908.3 1.9 0.2 122 (6.8) 3.3 0.4
10–14 97.3 0.2 0.2 17 (7.3) 0.4 0.4
1
2
2
3
3
4
4
5
5
6
6
7

T

00,000)
5–19 32.1 0.1 0.5
0–24 46.0 0.6 1.3
5–29 64.7 0.7 1.0
0–34 51.0 0.7 1.4
5–39 21.9 0.5 2.3
0–44 24.0 0.2 1.0
5–49 10.9 0.3 2.6
0–54 7.5 0.1 1.9
5–59 14.4 0.1 0.8
0–64 5.8 0.3 5.2
5–69 6.5 0.2 3.3
0+ 4.6 0.2 5.3

otal 253.5 1.3 0.5
a That is 25.2 (per 100,000) hospital admissions divided by 3101.8 (per 1
10 (7.4) 0.3 1.0
45 (7.0) 0.9 1.9
60 (7.3) 1.0 1.6
79 (8.4) 1.0 2.1
45 (7.0) 0.7 3.1
27 (9.3) 0.3 1.3

46 (14.3) 0.4 3.9
12 (8.1) 0.2 2.9

10 (11.7) 0.2 1.4
24 (11.1) 0.4 7.7
18 (13.0) 0.5 7.0
56 (17.2) 0.4 9.1

1379 (6.5) 2.3 0.9

GP-consultations × 100% = 0.8%.
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Table 2
Age-specific average annual incidence of GP-consultations (1998–2001, per 100,000) and hospital admissions (1998–2001, per 100,000) due to herpes zoster
and the hospitalization rate in 1998–2001

Year GP-consultations Hospital admissions
(main diagnosis)

Hospitalization rate (%)
(main diagnosis, based
on GP-consultations)

Number of hospital
days (average per
admission) (main
diagnosis)

Hospital admissions (main
and side diagnosis)

Hospitalization rate
(%) (main and side
diagnosis, based on
GP-consultations)

0 42.5 1.1 2.7a 13 (5.8) 1.3 3.0
1–4 97.5 1.0 1.0 52 (6.4) 1.3 1.4
5–9 170.0 0.7 0.4 59 (9.1) 1.1 0.6
10–14 155.0 0.5 0.3 46 (9.2) 0.8 0.5
15–19 187.5 0.6 0.3 39 (7.3) 0.8 0.4
20–24 177.5 0.5 0.3 44 (9.7) 0.8 0.5
25–29 185.0 1.0 0.5 100 (8.1) 1.6 0.8
30–34 227.5 0.8 0.4 123 (11.4) 1.4 0.6
35–39 190.0 1.1 0.6 107 (7.8) 1.7 0.9
40–44 337.5 1.0 0.3 90 (7.7) 1.8 0.5
45–49 335.0 1.1 0.3 115 (8.8) 2.4 0.7
50–54 390.0 2.4 0.6 211 (7.7) 4.5 1.2
55–59 547.5 3.8 0.7 277 (8.6) 7.2 1.3
60–64 657.5 4.5 0.7 305 (9.5) 9.3 1.4
65–69 645.0 5.8 0.9 354 (9.6) 13.8 2.1
70–74 745.0 8.5 1.1 423 (14.4) 20.9 2.8
75–79 720.0 13.5 1.9 870 (15.0) 32.5 4.5
80–84 775.0 18.8 2.4 787 (19.2) 46.0 5.9
85+ 835.0 19.4 2.3 723 (18) 44.5 5.3

Total 325.0 2.7 0.8 4739 (11.2) 5.8 1.8
a That is 1.1 (per 100,000) hospital admissions divided by 42.5 (per 100,000) GP-consultations × 100% = 2.7%.

and country of birth were not independently associated with
seropositivity of varicella zoster virus.

3.2. Disease burden of chickenpox

3.2.1. GP-consultations
The average annual incidence of chickenpox estimated

from the consultations of GPs amounted to 254 per 100,000
(i.e. 202, 240 and 318 per 100,000 for the years 2000, 2001
and 2002, respectively). The average annual incidence based
on chickenpox consultations was highest for 0–4-year-olds
and it sharply decreased for older age classes. While a slight
increase was observed for 20–34-year-olds, it decreased
again afterwards.

3.2.2. Hospital admissions
The average annual incidence of hospital admissions due

to chickenpox amounted to 1.3 per 100,000 (main and side
diagnosis 2.3) in the period 1994–2001 and varied between
1.1 (2.0) and 1.6 (2.8) per 100,000 per year (Table 1). The
incidence was for all years somewhat higher for men com-
pared to women and amounted for the period 1994–2001 on
average to 1.6 (2.7) and 1.1 (2.0) per 100,000, respectively.

The average age-specific incidence in this period was high-
est for those less than 1 year of age and those aged 1–4 years
of age. For older age classes, it decreased. A slight increase in
t
h
w
a

3.2.3. Age-specific estimations of hospitalization rate
and number of hospital days for varicella

In Table 1, the hospitalization rate is given. The rate is
calculated by dividing the age-specific incidence according
to GPs by the incidence according to hospital admissions.
In addition, the annual number of hospital days are given
together with average number of days per admission. In gen-
eral, both the hospitalization rate and average number of
hospital days per admission increases with age. The hos-
pitalization rate was lowest for 5–14-year-olds. The annual
number of hospital days was highest among those less than
10 years of age, particularly among 1–4-year-olds.

3.2.4. Deaths due to varicella
In the period 1996–2002, on average two deaths (range

0–4) were registered annually. Of these, 50% occurred among
those under 5 years of age.

3.3. Disease burden of herpes zoster

3.3.1. GP-consultations for herpes zoster
The annual incidence of herpes zoster based on GP-

consultations amounted to 320–330 (average 325) per
100,000 in the period 1998–2001 (Table 2). The incidence
was for all years higher for women (355 per 100,000) com-
pared to men (290 per 100,000).

A
h
t

he incidence was observed for 20–39-year-olds. The slightly
igher average annual incidence for men compared to women
as observed for all age groups with the exception of those

ged 15–19 years (main diagnosis).
In general, the incidence increased with age (Table 2).
mong those aged 40–79 years, the incidence for women was
igher compared to men, while little difference was found for
he remaining age groups.
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3.3.2. Hospital admissions for herpes zoster
The average annual incidence of hospital admissions due

to herpes zoster in the period 1994–2001 was 3.1 per 100,000
(main and side diagnosis 6.8). The incidence was higher in the
period 1994–1997 (main diagnosis 3.6 per 100,000; main and
side diagnosis 7.8) compared to the period 1998–2001 (2.7
and 5.8 per 100,000; Table 2). The incidence increased with
age from 50 to 54 years onwards (Table 2). The incidence of
hospital admissions was somewhat higher for women com-
pared to men in all years. The incidence for men and women
amounted to, respectively, 3.2 (7.2) and 4.0 (8.4) per 100,000
in the period 1994–1997 and to 2.2 (4.9) and 3.1 (6.6) per
100,000 in the period 1998–2001. The gender difference was
mostly due to higher incidence among women in oldest age
groups from 80 years and above. For younger age groups,
the incidence differed only slightly and was not consistently
higher among women.

3.3.3. Age-specific estimations of hospitalization rate
and number of hospital days for herpes zoster

The hospitalization rate in the period 1998–2001 using
GP-consultations in this period was similar for men and
women. The rate was highest among those less than 4 years
of age and those 65 years and above, particularly for those
aged 75 years and above. Among those aged 5–49 years of
age, the hospitalization rate was lowest.
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and Wales [14] the total incidence of general practitioners
consultations ranged between 280 and 570 per 100,000 in
comparison to 250 per 100,000 in our country as well as
Portugal [14]. For Canada and UK, the GP-consultation rate
was higher (about three times with range 1.5–6 times) for all
reported age groups with the exception 0–4-year-olds in UK
(2345 and 3414 versus 3000–3100 per 100,000 in our study)
[15].

The overall incidence of hospitalization amounted to 2.7
per 100,000 for Spain [16]. For UK and Canada, the highest
age-specific incidence of about 72 and 38 per 100,000 was
reported for 0–1- and 2–4-year-olds in comparison to 39 and
22 for 0- and 1–4-year-olds in our study [15]. For older age
groups, the incidence ranged for UK and Canada between 1
and 11 per 100,000 in comparison to 0.3–1 per 100,000 in our
study [15]. The hospitalization rate and mean days of hospital
stay were rather similar to that reported by others [15].

Based on literature, we hypothesized that the steeper age-
specific seroprevalence curve could be associated with nurs-
ery attendance and high population density in The Nether-
lands [7,8,12,17]. However, in our study, nursery attendance
was not independently associated with higher prevalence of
VZV-antibodies. In accordance with our findings, Wutzler
et al. concluded that higher numbers of pre-school children
attending nursery or day care centers in the new federal
states of Germany in comparison to old federal states was
n
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Both the annual number of hospital days and the average
umber of days per admission increases with increasing age,
articularly from 70 years of age onwards.

.3.4. Deaths due to herpes zoster
In the period 1996–2002, on average 18 deaths per year

ere registered (range 13–26). Nearly all deaths were among
ndividuals aged 60 years and above (97%).

. Discussion

Our study suggests that the epidemiology of varicella and
erpes zoster in The Netherlands differs from that in other
estern countries. This is likely to be relevant when con-

idering VZV vaccination strategies. Firstly, the age-specific
rofile of VZV shows that the mean age of infection in The
etherlands is rather low in comparison to other countries

7–12]. After waning of maternal antibodies in the first year of
ife, at the age of 3 years almost 60% of the children are VZV
eropositive, whilst at least 90% of children aged 5 years has
ZV-antibodies. For older children and adults, the seropreva-

ence in our study is above 97%. The reported seroprevalence
ccording to age was lower for other countries; i.e. 46%
or 5-year-olds [7], 85% for 5–9-year-olds [10,12], 82–83%
or 10–14-year-olds [8,9] and 94% for 10–11-year-olds [11].
econdly, the incidence of general practitioner consultations
13–15] and hospital admissions [15,16] for varicella are
ower in our country compared to those reported by others.
or Scotland [13], Spain Basque, Spain Castilla, England
ot associated with higher seroprevalence in childhood [11].
ignificant variations in incidence from year to year have
een described for various countries [17,18]. We had no data
n GP-consultations (2000–2002) in similar period as the
erum collection (1995–1996). Therefore, we could only use
ospital admission data – that showed less variation than GP-
onsultations – to check whether or not during or shortly
efore the data collection incidences have been higher and
hereby affecting the seroprevalence. The hospital admissions
n this period did not show a higher incidence.

In contrast to others who either reported no difference
etween rural and urban regions [12,19] or reported a higher
eroprevalence in urban regions [20], we found an unex-
lained lower seroprevalence in municipalities with very high
rbanization degree (i.e. >2500 addresses/km2). Heininger et
l. found a (univariate) higher seroprevalence in adolescents
n rural communities compared to urban communities [19].
owever, this association was related to a higher number of

iblings in rural compared to urban areas. In our study, we
ound that in addition to urbanization degree also household
omposition with at least four persons was independently
ssociated with seropositivity for VZV. Also, school atten-
ance of either the participant or other person(s) in the house-
old was an independent predictor for seropositivity of VZV
howing the relevance of transmission at schools in varicella
pidemiology.

No independent association was found for gender, edu-
ational level and country of birth which is in agreement
ith some other findings [12,19]. In a Swiss study, a lower

eroprevalence was found for foreign citizens older than 12
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years compared to native individuals [7]. The small dip in
seroprevalence at 8 years of age is in agreement with the
speculation by Aebi et al. that it might represent a transient
loss of detectable antibodies by some individuals [7].

Although lower overall incidences of varicella were
observed, the shape of the age-specific incidence curve in The
Netherlands is similar to other countries, i.e. showing that
the incidence of GP-consultations and hospital admissions
was highest among children under five [15] and decreased in
older individuals. This is consistent with our seroprevalence
data, and suggests that pre-school and school-age mixing are
important in the transmission of varicella. The small peak
observed in GP-consultations and hospital admissions for
25–34-year-olds is likely to indicate contacts with young
children who have high infection frequency. The higher hos-
pital admission rate (per GP-consultation) and average length
of hospital stay (per case) among elderly confirm increased
severity of varicella with increasing age. In combination with
high transmission of varicella zoster virus in The Nether-
lands, this implies that vaccination coverage needs to be high
to avoid a risk of increased incidence of severe varicella in
older age groups. While MMR coverage is high (95%) in our
country, in a recent study, it was reported that only 22% of
parents were willing to vaccinated and that 33% that they
would not vaccinate their child against varicella [3,21].

For herpes zoster, the incidence based on GP-consultations
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Tetra, GSK) or ProQuad (Merck)) could show whether cost-
effectiveness in the Dutch situation is acceptable considering
the often-cited threshold of D 20,000, which is regarded as
acceptable in preventive medicine in The Netherlands [25].
Furthermore, given the high disease burden of zoster in The
Netherlands, assessing the cost-effectiveness of herpes zoster
vaccination with the probably soon available herpes zoster
vaccine seems useful [26,27].
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[21] van Bovenkamp KJT, Rümke HC. Twijfels over kindervaccinaties.
Betere voorlichting zal het draagvlak versterken. Med Contact
2005;60:18–21.

[22] Chapman RS, Cross KW, Fleming DM. The incidence of shingles
and its implications for vaccination policy. Vaccine 2003;21:2541–7.

[23] Postma MJ, Bos JM, Welte R, Groot de R, Luytjes W, Rümke
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